Single Nucleotide polymorphism (SNP) techniques were used to study the associate polymorphism in exon 1 of growth hormone receptor (GHR) gene and marketing body weights in three rabbit breeds; New Zealand White rabbit breed (pure breed), V-line (Hybrid breeds from New Zealand and California rabbit), and Alexandria breed (Hybrid from V-Line and black Egyptian Baladi rabbit). DNA from blood samples of each kit of the three rabbit breeds were extracted to amplify 263-bp of the gene encoding GHR1. The purified PCR products were sequenced in those had the highest and lowest body weight in each breed. Sixteen new SNPs were detected in GHR1 gene in New Zealand rabbits. In V-line rabbits, three SNPs were detected. Also two SNPs were found in Alex. breed. All these SNPs were related to high body weight as they were reported in higher body weights in the three breeds, and were non synonymous, which led to amino acids substitution. Restriction analysis of PCR product using MSP1 do not produce restriction fragments. Statistically, the results indicated that there were significant correlation between growth performance and GHR1 gene polymorphisms. The results were effective in selection for rabbits that have high growth performance (marker assisted selection). Also, the analysis of this study confirmed that GHR1 gene could be a candidate gene for application in marker assisted selection (MAS) in rabbits.
INTRODUCTION
The domestic rabbit (Oryctolagus cuniculus) has been associated with man and has contributed to his well-being for many centuries. It is used as a food, for fur, as an experimental subject in research, and as a source of much pleasure as a pet and fancy animal in some countries. Rabbit farming is increasing in most of the developing countries due to their smaller body size, short gestation period, high production potential, rapid growth rate and the ability to utilize forage and by-products as major diet components (Cheeke, 1986) .
Application of molecular genetics for genetic improvement relies on the ability to genotype individuals for specific genetic loci. The information utility from candidate genes in breeding programs has potential to substantially enhance the accuracy of selection and increasing selection differences (Missohou et al., 2006; Helal et al., 2014) .
Little efforts have been made to improve rabbits genetic potentiality for body weight with no available reports on use of genotype based selection to improve body weights. The application of genetic selection methods in rabbits has resulted in increased growth rate and carcass quality (Zhou et al., 2005) . The use of molecular-assisted selection has proven to be efficient and lead to improvement in production performance in animals Reda et al., 2011) .
Growth hormone (GH) regulates the metabolic procedures of growth and development. During the biological process of GH action, the first step is the binding to the growth hormone receptor (GHR), followed by the activation of expression of insulinlike growth factor 1 (IGF1) and the other target genes (Herrington and Carter-Su, 2001) . GHR is a member of the cytokine/hematopoietin receptor superfamily (VanderKuur et al., 1994) and is consists of three functional domains of the extracellular (ligandbinding) domain, the transmembrane domain and the cytoplasmic domain (signal transducing). In addition, it stimulates amino acid uptake and protein synthesis in muscle and other tissues (Duclos and Goddard, 1990; Armstrong and Hogg 1994) .
The present investigation had been carried out for revealing GHR1 gene polymorphism in three rabbit breeds (New Zealand White, V-line, and Alexandria) reared under Egyptian conditions and investigate association between growth performance and detecting of SNP in GHR1 gene which can be used as molecular markers in marker assisted selection (MAS) for growth performance in rabbits. Three rabbit breeds were used in this study, the New Zealand White breed is a pure breed. V-line breed is hybrid from New Zealand White and Californianan breed; and the third one Alexandria breed is a synthetic paternal line was originated in Alexandria University (faculty of Agriculture) from crossing Vline with Baladi Black and selection was practiced for daily weight gain during 28-63 days of age (El-Raffa 2007) . Mature bucks and does were mated. Litter number and litter size were recorded after kindling. Growing rabbits were ear tagged and weaned (at about one month). Body weights were recorded weekly during growing period from weaning to about 70 days of age (marketing age). The three highest and the two lowest body weights of each breed were taken for DNA sequence analysis, their weights were recorded in Table ( Blood samples (2ml) were obtained from ear vein in sterile tube contain Na.EDTA as anticoagulant. The samples were mixed well and stored at -20 °C until use. DNA was extracted from whole rabbit blood by using DNA Preparation Kit (Jena Bioscience).
PCR Amplification of GHR gene.
PCR was done for amplification of the 1 st exon of the growth hormone receptor gene (GHR) with expected amplicon size of 263 bp. The primer used in the amplification, 3 ′-AATCCACCTTCAACC CTA TC -5′ (forward) and 5′-CGGAGA CTT CTTACA ATGGC -3′ (reverse) (Zhang et al. 2012) . PCR was performed in a reaction volume of 25 μl using 3 μl of genomic DNA of each sample, 0.5 μl of each primer, 2.5 μl Taq DNA polymerase buffer, 2μl dNTPs and 0.5 μl Taq DNA polymerase (Bioron, Germany). Thermal cycling (Techne Thermocycler -Bibby scientefic) was carried out by initial denaturation at 95°C for 5 min, followed by 35 cycles each at 95°C for 1 min, annealing temperature at 55°C for 1 min, polymerization temperature at 72°C for 1min and final extension at 72°C for 5 min., then the samples were held at 4°C. The amplified DNA fragments were separated on 2 % agarose gel, stained with ethidium bromide, visualized on a UV Transilluminator and photographed by Gel Documentation system (Alpha Imager M1220, Documentation and Analysis, System, Canada).
Restriction Fragment Length Polymorphisms (RFLPs)
The amplified DNA fragments of the growth hormone receptor gene were digested with MSP1. The RFLP was carried out in reaction volume 20 µl consisted of: 7 µl H2O, 2 µl buffer, 10 µl PCR product and 1 µl restriction enzyme (Zhou et al. 2005) .` 2.5. Sequencing and analysis of the GHR1 gene.
The amplified PCR products of exon 1 of GHR were sent to MacroGen Company (South Korea) to sequence in both directions using ABI 3730XL DNA sequencer (Applied Biosystem,USA). Five samples from each breed were sent for sequencing (three largest body weight and two smallest body weights. The sequence results were analyzed using Chromas 1.45 (http://www.technelysium.com.au). Sequence comparisons were performed using the BLAST program from the National Center for Biotechnology information website http://www.ncbi.nlm.nih.gov/. The sequences were aligned using CLUSTAL-W version 1.8 (Thompson et al. 1994) . A neighbor joining tree was constructed using MEGA version 6 (Tamura et al. 2011 Hybrid breeds (V-Line and Alex) showed higher body weight compared with the pure New Zealand White breed. There is a significant difference between the high and low weights in the three different breeds (Table 2) .
PCR for GHR1 gene.
The genomic DNA was used to amplify exon 1 of GHR gene which yield a fragment of 263 bp (Fig.1). 
3.3-Genotyping of GHR1 gene (263-bp) using RFLP technique
Restriction analysis of PCR-RFLP-of GHR gene (263-bp) using restriction endonuclease (MSP 1) produced one fragment of 263 bp. The restriction enzymes do not digest the amplified fragments in all rabbits under study.
DNA sequencing
The results of direct sequencing of 263 bp fragment of 1 st exon of GHR gene in the 15 animals (five of each breed) and their blast was shown in Figure ( 2) The Similarity % and phylogenetic tree among fifteen rabbits (five NZW, five V-line and five Alex) based on sequence data revealed presence of highest similarity (100%) between NZW 3, VL 2, VL 5, Alex 1, 3, 4 and 5. and also 100% similarity between NZW 2, NZW 5, VL 1 and Alex 2. 100% similarity was observed also between NZW 4 and VL 4. NZW 1 and VL 3 rabbits sequence has least similarity with other rabbits as shown in table (3) and Fig (3) . The Similarity % and phylogenetic tree among fifteen rabbits (five NZW, five V-line and five Alex) based on sequence data revealed presence of highest similarity (100%) between NZW 3, VL 2, VL 5, Alex 1, 3, 4 and 5. and also 100% similarity between NZW 2, NZW 5, VL 1 and Alex 2. 100% similarity was observed also between NZW 4 and VL 4. NZW 1 and VL 3 rabbits sequence has least similarity with other rabbits as shown in table (3) and Fig (3) .
Translation of Exon (1) of GHR of 15 rabbits revealed presence of 48 amino acids at this region. The detected SNP led to change of six amino acids in New Zealand 1; leucine (L) to arginine (R), lysine (k) to arginine (R), cysteine (c) to tryptophan (W), isoleucine (I) to glycine (G), arginine (R) to lysine (K), leucine (L) to proline (P). Three amino acids in VL3; glutamine (Q) to histidine (H), valine (V) to leucine (L), arginine (R) to glycine (G). 
DISCUSSION
This study was conducted to investigate association between growth performance and exon 1 of GHR gene polymorphism in three different rabbit breeds (New Zealand White (Pure breed), V-line, and Alexandria (hybrid breeds) reared under Egyptian conditions based on molecular genetic level using DNA sequencing and PCR-RFLP.
Growth performance trait considered as one of the most economically valuable traits in animal production and so breeding for animals have high body weight is a main goal in animal breeding programs. Domestic rabbits have been considered as a good alternative source of animal protein for the increasing human population in developing countries. Therefore, genetic improvement of rabbit becomes the current goal for most researchers (Abdo, 2014) .
There is a significant difference between crossbreds (VL and Alex) (1.62±0. ). This result in close agreement with Afifi and Emara (1990 ) who found that the average post weaning daily gain for all crossbred groups slightly increased than the means of their parental purebred groups during the age intervals 6-8, 8-12, 12-16 and 5-16 weeks for Bouscat, Giza White and White Flander . Also, Toson et al. (1999) found that cross bred rabbits (Baladi X New Zealand White and New Zealand white X Baladi) had positive hybrid vigor for body weight at 5 , 6, 8 , 10 ,12 , 14 and 16 weeks of age. On the other hand Soliman (1988) reported that average body weight of purebreds were heavier than corresponding value for crossbreds. Body weights of progeny from all mating groups at weaning age were approximately doubled and tripled at 60 and 90 days of age; respectively.
There is a significant difference between the high and low weights in the three different breeds under the study. This result also obtained by (Shahin and Hassan, 2002; Hassan et al,2012; Udeh, 2013) .
Specific PCR product of a desirable size for GHR1 gene (263bp), involving exon1 also was obtained by (Zhang et al, 2012) . The amplified fragment in this study was not digested by restriction enzyme (MSP1), may be due to change in restriction site as a result of single base substitutions, these cannot be recognized by restriction enzymes, this result not agree with (Fontanesi et al, 2008; Fontanesi et al, 2012) .
In this study Sixteen new SNPs were detected in GHR1 gene in New Zeland rabbits. In V-line rabbits, three SNPs were detected. Also two SNPs were found in Alex breed. All these SNPs related to high body weight as they were reported in higher body weights in the three breeds, and were nonsynonymous, which led to amino acids substitution, this result agree with (Polasik et al, 2005; Deng 2008; Reda, 2011; Fontanesi et al, 2012; Zhang et al, 2012) .
There is a significant association between the detected SNPs and marketing weight in the three rabbit breeds. These results agree with (Zhang et al, 2012; Fontanesi et al, 2012) .
The results were effective in selection for rabbits that have high growth performance (marker assisted selection). In addition, the analysis of this study confirmed that GHR gene could be a candidate gene for application in marker assisted selection (MAS).
